Objective: Previous reports suggest that maternal exposure to acute stress related to earthquakes affects the sex ratio at birth. Our aim was to examine the change in sex ratio at birth after Eastern Marmara earthquake disasters.
Introduction
The sex ratio of females to males at birth is called the secondary sex ratio; the incidence in humans is known to be approximately 1:02 to 1:06 (1) . The secondary sex ratio (SSR) is associated with many factors that vary between communities and over the years. In the literature, there have been studies indicating an interaction between the ratios of race, geographical region, the environmental temperature, seasonal changes, and social and country-specific factors such as socio-economic development (2) (3) (4) (5) (6) . In addition, earthquakes, floods, famine periods, environmental disasters, wars, natural or man-made disasters, such as intense psychological and physical stress caused by the individual, and the society's general health status of pregnant women and pregnancy outcomes can influence the sex ratio at birth, which are likely to change (7) (8) (9) (10) . Fukuda et al. (7), Saadat et al. (11) , Torch et al. (12) , and Tourikis et al. (13) investigated the Kobe (Japan) earthquake, the Ban (Southern Iran) earthquake, the Tarapaca (Chile) earthquake, and the Zakynthos (Greece) earthquake, respectively, and reported a decrease in male births compared to female births in the period after the earthquake; in other words there was a decrease in the female secondary sex ratio. These findings suggest a better adaptation process in humans, as well as the size of the damage caused by an earthquake on society. The effects of both natural and man-made disasters can occur many years later, and babies born during stressful periods may encounter increased health problems and increased mortality rates in the future (14) . The first sign of deterioration in public health at birth after natural disasters over the years may be a change in sex ratios.
Movement in the North Anatolian Fault Zone caused two devastating earthquakes in the Eastern Marmara Region. The first earthquake epicentered on Gölcük-Izmit city (17 August, 1999) and was classified as one of the world's six deadliest earthquakes in the 20th century; 87 days later, a second earthquake hit Düzce city (12 November, 1999) . According to official records, 18,287 people died and 46,857 were injured. A total of 108,861 buildings, schools and workplaces were destroyed by earthquakes, 1.1 million people became homeless and, especially due to inadequate rescue and support services, communication and shelter systems, the whole nation was shaken and more than 16 million people were impacted (15) . In this study, we evaluated the sex ratio at birth before and after the Eastern Marmara earthquakes compared to the control region.
Material and Methods
This study was performed using the official birth statistics in January 1997 and a total of 72 months up to December 2002, which were supplied from Turkey Statistics Institute (Turkstat). The secondary sex ratio was expressed as the male proportion at birth, i.e. males/females. The movements of the North Anatolian Fault Zone caused the Gölcük-Izmit earthquake (17 August, 1999 , magnitude on Richter scale 7.8, on Mercalli scale category X: disastrous) and the Düzce earthquake (12 November, 1999 , magnitude on Richter scale 7.5, on Mercalli scale category IX: ruinous) (16) . Comparisons before and after the earthquake due to the size of the impact of Gölcük earthquake were considered as a reference point. The secondary sex ratio at birth in the affected area (study group) in the eastern Marmara region earthquakes was calculated on a monthly basis using gender data. The unaffected area (control group), was accepted as a location approximately 400-450 km from the shock during the earthquake, in the Mediterranean region, without any destruction or death, and ratios were calculated on a monthly basis using data. In order to demonstrate factors such as changes in season and agricultural work that may affect the results of our study, we identified the region on the same meridian that was unaffected by the earthquake. The Western Anatolia, the Black Sea Region, and the Mediterranean Region were deemed appropriate as unaffected regions since all of the Western Anatolia was affected by the earthquake, the Black Sea region was on the same earthquake fault line, and the Mediterranean region had a cosmopolitan structure, but the eastern Marmara region has heavy industrialisation and the revenue of the Mediterranean region was derived from tourism and agriculture. The effects of out-migration after the earthquake in the eastern Marmara region and the summer seasonal movements causing an increase in population in the Mediterranean region according to statistics could not be assessed in the study. All data were analysed using SPSS version 12.0 (SPSS Inc., Chicago, IL, USA) and Statistica Program 5.0 (StatSoft Inc., Tulsa, OK, USA). Statistical analysis of the sex ratio was performed using the Chi-square test. The significant differences were defined as a p value less than 0.05.
Results
During the five-year period examined in this study, 800,742 male and 762,356 female babies formed a total cohort of 1,563,098; the overall SSR was 51.22. Of the deliveries, 627,743 took place in the Eastern Marmara region and 935,355 took place in the Mediterranean region; the SSR in eastern Marmara and the Mediterranean regions were 50.74 and 51.55 respectively (p=0.959). Compared to the previous 12 months and the 12 months immediately after the earthquake, while the birth rate decreased (2.66%) in the earthquake area, the rate increased (4.42%) in the unaffected region. Sex changes in rates between regions were evaluated monthly and revealed a significant decrease in the secondary sex ratio in the 4th month (December, 1999) and 8th month (April, 2000) following the Gölcük earthquake in the eastern Marmara region compared to the Mediterranean region (p=0.001 and p=0.024). The statistically significant change observed between the two regions in December was also observed in December 1998, December 2000 and December 2001. In fact, in both regions, there was a significant difference between December and January births. This result seems to be related to changes in seasonal population registers. The reasons for the difference observed in the Eastern Marmara region in December might be the legal 30 day notice period in Turkey for registration and the common tradition of birth registration of babies born in December to make their ages one year younger according to records. A significant increase was observed 3 months prior to the earthquake (May 1999) in the SSR only specific to that month (p=0.046). The statistically significant reduction in the secondary sex ratio observed in April 2000 was not observed in any other month during the study period. A pregnancy occurring after ovulation in August 1999 would be expected to be born in May 2000; in our study, we did not detect any significant changes in SSR in May 2000 (p=0.595). Also, no significant change has been observed in SSR since then ( Figure 1 S p t . 1 9 9 9 O c t . 1 9 9 9 N o v . 1 9 9 9 D e c . 1 9 9 9 J a n . (17) and Obel et al. (19) calculated OR in patients with stress and identified ORs as 0.65 and 0.85, respectively. In these studies, the SSR of the control groups were 1 and 1.07, respectively. Large earthquakes that may impair the mental health of an individual are a common cause of stress. After the Golcuk and Duzce earthquakes, post-traumatic stress disorder, major depression, panic disorder, obsessive-compulsive disorders, generalised anxiety disorder, phobias, and suicidal tendency were found to be increased and remain high for years (21) . This can have a disastrous impact on mental health in pregnant women, and, after a large earthquake, minor psychiatric problems are seen in 1/3 of pregnant women (22) . The possibility of shortening the duration of the pregnancy, abortion rate, preterm birth rate and twin pregnancy, the foetus brain development retardation, ear malformations, facial cleft abnormalities and changes in sex ratios at birth have been reported as a cause of severe psychological stress just before pregnancy or during pregnancy (17, 19, 20, (23) (24) (25) (26) . Studies investigating the Kobe earthquake, the Ban earthquake, the Tarapaca earthquake, and the Zakynthos earthquake revealed a decrease in the secondary sex ratio in the period after the earthquake (7, (11) (12) (13) . The ways in which psychological stress of the earthquake reduces the sex ratio at birth are controversial. The reason for the reduction of SSR might be a reduction of male fertilisation (reduction in the reflection of the primary sex ratio), or a higher loss of males than females after fertilisation (direct reduction in SSR). Support for the hypothesis of reduced male fertilisation can be found in the study by Fukuda et al. of the Kobe earthquake (7, 27) . In these studies, it has been shown that the stress, especially in people who have lost relatives and whose houses were destroyed in the earthquake, reduces coitus frequency, sperm motility for 2-9 months, and also a reduction in SSR nine months after the earthquake. Although unproven, Y-bearing sperm with loads that are lower than X oocyte achieve an advantage (28) . While a decrease in coitus frequency results in the possibility of fertilisation coincident with late menstruation, due to thickening of cervical mucus associated with low sperm motility, the advantage resulting from the loss of Y-bearing sperm, and consequently the rate of progression is likely to decrease in the primary sex ratio. In this situation, because of the reduced male fertilisation, the SSR will change against males, and the male and female birth rates will be found to be closer to each other. High coitus frequency in Micronesia and low SSR related with thickened cervical mucus in clomiphene citrate cycles favour this hypothesis, while publications with no relation of SSR to the timing of intercourse, insemination time, and follicular phase length provide evidence against (29-32).
Trivers-Willard hypothesis suggests a favour of female reproduction in women with poor health status and male reproduction in women with good health status (33) . At a time of scarce resources, because a boy has a high probability of growing faster and being more resource-consuming, as well as a high probability of loss before reaching reproductive age, instead of giving birth to a boy, a girl summarises the efficiency of this hypothesis. Despite strong evidence confirming this hypothesis in animals, it is not easy to achieve similar results in humans (34) . In groups of patients with anorexia and bulimia, studies have indicated a decrease of male live births, sex ratios decreased secondary to diabetes in women, and the poor health status of mothers giving birth to female babies; this supports the idea (35, 36) . In the study investigating the shortage of grain in China in 1959-1961 it was reported that adaptation to long-term effects results in a reduction of SSR (9) . However, studies assessing the results of Dutch Hunger Winter of 1944-1945 or of the Cuban economic crisis have not produced evidence to confirm this hypothesis (37, 38) . James reported that normal values of gonadal hormones like testosterone and oestrogen reflect the health status of women and men, and are associated with an increase in SSR; in contrast, high levels of gonadotrophic hormones (FSH, LH) reflect an unhealthy status and are associated with a decrease in the ratio in his research and reviews about sex ratios (39) (40) (41) . Low SSR in people with dioxin, dibromochloropropane (DBCP) exposure, which have strong anti-oestrogenic and anti-androgenic effects on environmental pollution, are considered among the factors associated with endocrine disruptive chemicals, which support this view (30, 42) . In industrialised North American and Northern European countries, increasing pollution leading to endocrinologic destruction has been suggested to be responsible for the decrease in SSR in recent decades (43) . Contrary to the hypothesis that secondary sex ratio variation reflects changes in the primary sex ratio, another hypothesis suggests that the secondary sex ratio decreases due to an increase in embryo/foetal loss after major disasters (44) . In fact, we know that more male babies are lost in the early weeks of gestation. SSR in patients with miscarriage at 16-19 weeks of gestation, at 20 weeks of gestation, and delivery after 36 weeks of gestation were 248:100; 130:100; and 105:100, respectively (45) . The answer of the question of whether the embryo loss rate increases after large earthquakes, however, is not yet clear. Catalano and Bruckner reported severe psychological stress after the 9/11 terrorist attacks, economic crises, and in collective dismissal issues, all of which reduce SSR (44, (46) (47) (48) . In their study investigating the effects of stress after the 9/11 terrorist attack, they stated the reduction in SSR, not after 8, 9 and 10 months, but within the first 3 months, suggesting that this result is not related to fertilisation, but rather a greater increase in loss associated with male foetuses (46) . According to this hypothesis, when the mother's health is in danger, weak male foetuses are sacrificed more by glucocorticoid levels compared with female foetuses. Hobel et al. have shown that after 20 weeks of gestation, after maturation of the foetal nervous system, foetuses are more susceptible to elevated maternal glucocorticoids, which was associated (49) . However, pregnancy is a process where sensitivity to the effects of stress from the outside is decreased. For example, during pregnancy, compared with a non-pregnant period, more corticotrophin releasing hormone (CRH) is needed for adrenocorticotropin hormone (ACTH) response (50) . Also, pregnancy is characterised by decreased vascular response to epinephrine and norepinephrine infusion, reduced heart rate and blood pressure response to physical stressors (51) . This insensitivity gradually increases in the following weeks of gestation (52) . After the Northridge earthquake in California, US, in 1994, the emotional effects of earthquakes were found to be higher during early pregnancy and stress encountered in early pregnancy is shown to shorten the duration of pregnancy (53) . Another point that has to be explained for the foetal loss hypothesis is whether all of the foetuses are affected by stressor factors. Catalano et al. have shown in their study that weak foetuses are lost due to stress, or if they survive are not damaged, and such cohorts of individuals born later in their lives are not associated with increased morbidity and mortality (culled cohort hypothesis) (54) . However, a cohort of babies born from damaged foetuses are associated with an increased morbidity and mortality risk in the future (damaged cohort hypothesis) (55, 56) . The knowledge that such infants born during periods of stress have an increased risk of metabolic, cardiac and psychiatric illness in their adulthood and a reduced life expectancy found a place in the literature (14, 57, 58) . As shown by Van den Berg et al., mortality rates are higher and the average life expectancy is 10 months shorter in patients >35 years of age in times of economic recession compared with patients born in times of good economic status (14) . Similarly, the study by Dama has shown an inverse proportion of SSR with the future mortality rate (58) . If stress has occurred as a consequence of a disaster like an earthquake affecting the whole society, these diseases can become a public health problem 10 years later, so this may be an early marker of decreased SSR. Another creation of a community health plan might be required in cohorts with decreased secondary sex ratios after the earthquake. In our study, we saw a significant decrease in secondary sex ratio about 8 months later when comparing the affected region with the unaffected area. This reduction was specific to only one month. First, Fukuda et al. (7) reported a significant decrease in the sex ratio 9 months after the Kobe earthquake. In the following years, Saadat et al. (11) stated that the psychological tension and stress as a consequence of the Ban earthquake was associated with a reduction in the sex ratio 6-12 months after and Tourikis at al. (13) found a significant decline in the sex ratio within a two month period starting from the 11th month after the Zakynthos earthquake. Torch et al. (12) stated in their study investigating the Tarapaca earthquake that the effects of the earthquake were significant on foetuses exposed during the 2nd or 3rd months of pregnancy, which resulted in a decrease in the sex ratio during birth. Our results support the studies indicating that the abortion rate of male foetuses exposed to the earthquake during the first trimester was higher than that of female embryos and indicates that the interaction was highest in the first month after the earthquake. A reduction in SSR after smoke pollution in London and the Brisbane flood occurred 320 days after the disaster; however, we did not determine such a long effect (8) . Another factor with an impact on our results was an increase in preterm birth rates. If male babies are lost and female babies are born prematurely, then the reduction in SSR should be prior to 9 months of pregnancy. We have not had the chance to access hospital-based records, so we do not have data about an increasing preterm birth rate. After the earthquake in Golcuk, aftershocks continued for months and almost 3 months later a second major earthquake occurred; if we keep this in mind, it is difficult to explain why eight months after the earthquake the SSR was significantly decreased in just one month. The normalisation of the SSR after the acute loss of weak embryos as a response to stressful events can be one of the explanations. Further studies are needed to determine the adaptation rate to sudden stressful events during pregnancy. However, other studies have examined changes in the sex ratio at birth after earthquakes, and it should be kept in mind that the difference in SSR was significant only for a short period of time or a few months. Tan et al. (25) evaluated the effects of earthquakes in pregnancy after the Wenchuan Earthquake (2008, China) and did not detect a significant difference in SSR. However, the selective abortion of female infants in China is a common practice; as a result, it is not easy to determine changes in the SSR. The effects of fire and related air and sea pollution in a large petrochemical refinery located very close to the city centre after 1999 Golcuk Earthquake can be discussed. Similarly, the smoke and air pollution following the Seveso accident, such as Minamata methylmercury pollution incidents, and the subsequent exposure of chemicals has been shown to lead to a decrease in SSR (8, (59) (60) (61) . Moreover, if this argument is correct, the decrease in SSR can be used as an indicator of environmental pollution leading to a change in the nature of effects, and can be used for general health to take action on this issue. However, the most interesting thing is that the study by Yang et al. (62) of people living around the petrochemical refinery in Taiwan, and the study by Saadat et al. (63) about people living in areas of oil and natural gas have shown an increase in SSR as a contrast. It should be kept in mind that the Gulf of Izmit is located in the epicentre of the earthquake, and was in the region of the country's most intense air and marine pollution for 25 years before the earthquake. It is difficult to separately reflect the effects of the earthquake and environmental pollution on the statistics. In conclusion, our study indicated that, as a consequence of the probable abortion of male embryos after large earthquakes, a significant reduction in the secondary sex ratio has been detected for a short period of time. With these findings, events that cause sudden intense stress, such as earthquakes, can have effects on the sex ratio at birth. 
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